Influence of SPP co-stabilizer on the optical properties of CdS quantum dots grown in PVA  by Ferrer, J.C. et al.
Inﬂuence of SPP co-stabilizer on the optical properties
of CdS quantum dots grown in PVA
J.C. Ferrer a, A. Salinas-Castillo b, J.L. Alonso a, S. Fernández de Ávila a, R. Mallavia b
aÁrea de Electrónica, Universidad Miguel Hernández, Av. Universidad s/n, Ed. Torrepinet, 03202, Elche, Spain
bInstituto de Biología Molecular y Celular, Universidad Miguel Hernández, Av. Universidad s/n, Ed. Torregaitán, 03202, Elche, Spain
Abstract
Quantum dots of cadmium sulﬁde have been synthesized in a series of aqueous solutions of two stabilizers: a ﬁxed concentration of polyvinyl
alcohol polymer with a variable amount of sodium polyphosphate. Optical absorption and photoluminescence measurements have been
performed in order to assess the optical properties of the colloidal solutions. Transmission electron microscopy images have been recorded to
obtain structural information of the nanocrystals. The results obtained from the spectroscopic techniques reveal two different behaviors as the
amount of sodium polyphosphate is increased in the samples. The photoluminescence of quantum dots in a polyvinyl alcohol solution without
sodium polyphosphate is quenched. The addition of this co-stabilizer activates the luminescence, being more intense and blue-shifted as the
amount of sodium polyphosphate is increased. However, further addition of this product beyond a organic polymer-co-stabilizer weight ratio of
1 : 6.25 ·10−3 leads to the inverse behavior: a decreasing luminescence intensity and a red shift of the emission peaks are found. Transmission
electron microscopy measurements indicate that a deagglomeration of the particles is produced as the amount of co-stabilizer is increased.
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1. Introduction
Semiconductor nanocrystals, or quantum dots, have been the
subject of extensive studies from both fundamental and applied
research due to the unique optical properties conferred by the
quantum conﬁnement of charge carriers [1]. A wide range of
applications may be found in the bibliography such as light
emitting devices [2], optical ﬁbers [3], photodetectors [4], pho-
tovoltaic cells [5], biological labeling [6], etc.
Quantum dots in colloidal solution are very attractive from the
point of view of the device fabrication processes since they can
be incorporated into all sort of optoelectronic devices based
on organic polymeric ﬁlms. Optical and electrical properties of
the bare polymeric layers may be modulated by the addition of
the nanocrystals when the polymer is still in solution. Besides,
the hosting polymer prevents from particle degradation and the
processes employed for the fabrication of polymer-based de-
vices usually remain operative for the polymer nanocomposite.
Among the methods commonly used to synthesize colloidal
nanoparticles, those based on chemical reaction of chemical
precursors in a polymer solution are preferred to the approaches
based on the separate formation of the nanoparticles followed
by the mechanical mixing with the polymer owing to the ten-
dency of nanoparticles to agglomerate.
Polyvinyl alcohol (PVA) is a water-soluble polymer frequently
used as a colloid stabilizer. Other properties like the trans-
parency over the whole visible spectrum, good adhesion to hy-
drophilic surfaces and formation of good oxygen resistant ﬁlms,
makes from PVA a good choice for the inclusion of semicon-
ductor nanoparticles. Sodium polyphosphate (SPP) has been
used as colloid stabilizer as well. Many reports on the synthe-
sis and characterization of cadmium sulﬁde nanoparticles, and
other II-VI materials, into these polymeric matrices are found
in the literature. Nenadovic et al. prepared PbS and CdS col-
loids by ionic reaction in aqueous PVA solutions [7] and SPP
solutions [8] separately, ﬁnding that the optical properties of
the colloids strongly depend on the pH of the solution. Wogon
et al. [9] characterized the dependence of the absorption band
of CdS/PVA composite ﬁlms on the presence of external elec-
tric ﬁelds. In the work of Kuljanin [10] the mechanical prop-
erties and the thermal stability of PVA ﬁlms were improved in
PbS doped PVA ﬁlms synthesized by colloidal chemistry meth-
ods. CdS-PVA ﬁlms with a weight fraction of CdS up to 40%
were prepared by organosol techniques by El-Tantawy et al.
[11]. The inorganic polymer SPP has been also used as a sin-
gle stabilizer for the synthesis of CdS quantum dots [12] and
CdS/HgS/CdS quantum dot quantum well system [13].
Besides, some reports on the use of two stabilizers for the syn-
Preprint submitted to Elsevier 20 January 2009
Physics Procedia 2 (2009) 335–338
www.elsevier.com/locate/procedia
doi:10.1016/j.phpro.2009.07.016
thesis of the quantum dots are found in the literature. Pattabi
et al. [14] reported the use of PVP and PVA to induce the
quenching of surface defect-related emission in the photolumi-
nescence measurements of CdS quantum dots. The SPP stabi-
lizer has been used by Fernée et al. [15] to promote the surface
passivation of a PbS core with a CdS shell in a PVA solution.
Wang et al. [16] synthesized CdS-PVA nanocomposites using
dodecanethiol as a capping ligand.
The aim of this work is the evaluation of the inﬂuence of
a variable amount of SPP used as a co-stabilizer in an aque-
ous solution of PVA, on the optical properties, absorbance and
photoluminescence, of CdS quantum dots.
2. Experimental
Chemicals were purchased from Sigma-Aldrich and were
used without further puriﬁcation. Solutions of cadmium nitrate
tetrahydrate 0.5 M and sodium sulphide nonahydrate 0.5 M
were used as quantum dot precursors. Two solutions of PVA
4%, molecular weight 130.000, and SPP 11.5% were used as
stabilizers for the nanocrystals.
The procedure for the synthesis of the nanocrystals in col-
loidal suspension in a PVA-SPP solution was as follows. Seven
aliquots of 20 ml were removed from the PVA 4% solution and
kept under magnetic stirring. A variable volume of the SPP so-
lution, VSPP, was added to the aliquots: VSPP = 0, 5, 10, 20,
40, 80 and 160 μl, which result in a weight relation between
PVA and SPP, wPVA : wSPP = 1:0, 1280:1, 640:1, 320:1, 160:1,
80:1 and 40:1. The solutions were allowed to homogenize for
30 min. After this time, 30 μl of the Cd(NO3)2 solution were
added to each one of the seven aliquots. Additional stirring
was allowed during 30 min, and 25 μl of Na2S were injected
in the solutions. An immediate change of color from colorless
to clear yellow occurred indicating the formation of the CdS
nanocrystals.
Optical absorption measurements were performed with a Shi-
madzu UV-1603 spectrometer to obtain the absorption edge.
Photoluminescence (PL) measurements were recorded with a
Photon Technology International ﬂuorimeter using a excita-
tion wavelength of 370 nm. Transmission electron microscopy
(TEM) images were obtained with a JEOL 2010 microscope
operating at 200KV. The samples for TEM analysis were pre-
pared by deposition of a single drop of the quantum dot dis-
persions on a 300 mesh copper grid with a carbon ﬁlm over
a ﬁlter paper which absorbed excess solution. The copper grid
was allowed to dry at room temperature.
3. Results and discussion
3.1. Optical absorption
Absorbance measurements were recorded immediately af-
ter the synthesis of the nanocrystals. The absorption spectra of
quantum dot solutions with a volume of co-stabilizer, VSPP = 5,
40 and 160 μl as a function of the energy and wavelength are
shown in ﬁgure 1. The rest of the samples have been omitted for
the sake of clarity. While a difference of some tenths of elec-
tron volts is observed in the absorption edge, almost no change
is appreciated between 40 μl and 160 μl samples (dashed and
dotted lines respectively) when solutions with a volume of 5 μl
and 40 μl are compared (solid and dashed lines, respectively) .
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Fig. 1. Absorbance and PL spectra of samples with a volume of SPP solution
of 5 (solid line), 40 (dashed line) and 160 μl (dotted line).
In order to compare the absorbance of the whole series, the
relation between the absorption edge and the volume of SPP
solution added to each sample is presented in ﬁgure 2 (solid cir-
cles). The nanocrystals grown in the bare PVA solution, VSPP =
0, have an absorption edge at 2.49 eV (498 nm). This data is
not included in ﬁgure 2 because of the choice of a logarithmic
axis. As a small quantity of SPP is added the absorption edge
shifts to higher energies (lower wavelengths). This behavior is
found to occur up to a SPP volume of 40 μl (wPVA : wSPP =
160 : 1). However, the absorption edge tends to stabilize at 2.70
eV (460 nm) when an additional volume of SPP solution is in-
corporated to the PVA solution (80 μl and 160 μl samples).
The initial displacement of the absorption edge towards lower
energies can be explained in terms of the particle size. Follow-
ing the work of Brus [17], the effective band-gap energy, E∗g of
a semiconductor nanocrystal may be written as a function of
the particle radius, R, as:
E∗g = Eg +
h2π2
8R2
(
1
m∗e
+
1
m∗h
)
− 1.8e
2
4πε0εr
(1)
where Eg band gap energy of the bulk semiconductor (2.42 eV
for CdS), h the Planck constant, m∗e and m∗h the effective masses
of electrons and holes in the semiconductor (0.19me and 0.8me
respectively), e the electron charge, εr the dielectric constant of
the material (5.7) and ε0 the permitivity of free space. Since the
energy of the absorption edge is directly related to the effective
energy of the bandgap, the positive increment of the absorption
edge energy found in the samples with lower SPP contents
may be explained under the assumption that a reduction of the
particle radius is produced as a consequence of the addition of
the stabilizer. However, extra addition of SPP beyond a volume
of 40μl would produce no further size reduction.
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Fig. 2. Absorption edge measured from absorbance spectra (circles) and PL
peak position (squares) of quantum dots dispersions versus the volume of
SPP solution added to the PVA solution. Dashed lines are guides for the eye.
3.2. Photoluminescence
The PL spectra of the quantum dot solutions with a SPP vol-
ume VSPP = 5, 40 and 160 μl are shown in ﬁgure 1 along with
their absorbance spectra discussed above. All samples show
broad emission bands. While the intensity of the emission ex-
hibit a strong dependence with the amount of SPP co-stabilizer
the peak wavelength changes slightly. The relation of the peak
wavelength with the SPP volume is presented in ﬁgure 2 where
it can be compared to the absorption edge measurements. The
dependence of the luminescence intensity with the volume of
the SPP solution is shown in ﬁgure 3.
No detectable luminescence was found in the case of the quan-
tum dots grown in the bare PVA solution (VSPP = 0), not shown
in ﬁgure 2 and 3 because of the choice of a logarithmic axis.
Nevertheless, the addition of a small volume of SPP activates
the luminescence. Besides, the intensity of the emission peak
is found to increase as the volume of SPP is raised up to a
volume of 40 μl (wPVA : wSPP = 160 : 1). Further addition of
co-stabilizer above this quantity is followed by a decrease of
the PL intensity.
As far as the wavelength of the PL peak is concerned, it is also
found a different behavior for lower and higher SPP contents.
The emission peak for the sample with VSPP = 5 μl is located at
1.99 eV (623 nm). As the volume of SPP in the PVA solution
is raised, a blue shift of the peaks is detected. This tendency
continues up to a volume VSPP = 20μl where the intensity max-
imum is located at 2.31 eV (537 nm). On the contrary, further
additions of SPP beyond 20 μl are followed by a red shift of
the peaks.
Thus, a minimum emission wavelength is found around a vol-
ume VSPP = 20μl (wPVA : wSPP = 320 : 1) and a maximum in-
tensity for VSPP = 40μl (wPVA : wSPP = 160 : 1) . The similar
behavior of the intensity and peak position of the PL spectra of
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Fig. 3. Dependence of the PL intensity of quantum dots on the volume of
SPP added to the hosting PVA solution. Dashed lines are guides for the eye.
the series suggests that the mechanisms of modulation of both
magnitudes are closely related.
If the emission peaks could be assigned to the optical transition
of the ﬁrst excitonic state of CdS, the reduction of the parti-
cle size that explains the displacement of the absorption edge
would also explain the blue shift of the PL peaks for the sam-
ples in the same range of SPP contents. Since the band-gap in-
creases as the particle size is reduced, the emission wavelength
shifts towards higher energies (lower wavelengths). However,
the high Stokes shift observed in ﬁgure 2 suggests that the PL
emission is more likely to be related to the surface defects. This
band has also been previously observed in PVP capped CdS
nanoparticles embedded in a PVA matrix [14] and it has been
shown to have a strong dependence on the capping environment
[18], [19].
3.3. Transmission electron microscopy
The morphology and distribution of CdS nanoparticles were
also investigated using TEM. Figure 4 shows the images of
the samples with a SPP volume of 20, 40 and 80 μl. Below
a volume VSPP = 40μl (wPVA : wSPP = 160 : 1) the nanoparti-
cles tend to form large clusters with a dendritic-like structure.
This agglomeration has been previously reported in nanopar-
ticles hosted in polymers such as PVA [16] and polystyrene
[20]. A likely explanation is that several polymer chains could
be bridged by connecting to the same nanoparticle, as long as
neighbor nanoparticles could share a PVA chain. Thus, a mul-
tiplicity of such bridged chains and particles could lead to par-
ticle clustering.
Around a volumeVSPP = 40μl (wPVA : wSPP = 160 : 1), the clus-
ters are found to be smaller in size and more dispersed. Sam-
ples with higher SPP contents show the particles almost com-
pletely dispersed. Following the above explanation, the deag-
glomeration could be due to a change in the mechanism of par-
ticle growth: as the concentration of SPP co-stabilizer is raised,
the surface of the crystals could be capped by SPP molecules
which in fact would prevent the nanoparticles to bond to the
PVA chains, causing the deagglomeration. This change of the
surface environment could be the origin of the modulation of
the luminescence as a consequence of a change of the surface
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